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(54) Power control method (outer-loop) in discontinuous transmission (DTX) using pilot bits 



(57) Method for continuous outer-loop power control 
in a discontinuous transmission mode (DTX) In a serv- 
ice, in which data transmission and reception are not 
carried out continuously, CRC bits are continuously 
transmitted to perform quality measurements. These 
CRC bits increase the level of interference and as a re- 
sult; decrease link capacity. To avoid all this, pilot bits 
are treated as pseudo user data, when there are no user 



data to transmit. 

In absence of user data, a bit extracting portion (6) 
treats pilot bits as pseudo user data and delivers the 
pilot bits to a pilot converting portion (7). The pilot con- 
verting portion (7) carries out symbol rotation with refer- 
ence to a bit pattern in case where CRC bits alone are 
transmitted. Those symbols are decoded by a deinter- 
leaving portion (8) and an error correcting portion (9). A 
CRC judging portion (10) carries out CRC judgment. 
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Description 

[0001] This application claims priority to prior Japa- 
nese application JP 2003-277944 : the disclosure of 
which is incorporated herein by reference. 5 

Background of the Invention: 

[0002] This invention relates to a communication sys- 
tem and a transmission power control method and, in 10 
particular, to an outer-loop transmission power control 
method in a COMA (Code Division Multiple Access) 
communication system. 

[0003] In a CDMA communication system, excessive 
transmission power to a receiving side results in an in- *5 
crease in interference with other receiving parties and 
a decrease in line capacity. It is therefore necessary to 
always carry out transmission with transmission power 
optimum for the receiving side. To this end, inner-loop 
transmission power control and outer-loop transmission 20 
power control are carried out in combination in the re- 
ceiving side. In the inner-loop transmission power con- 
trol, power control is carried out at a high speed by trans- 
mitting a TPC (Transmit Power Control) bit per slot from 
the receiving side to a transmitting side so that a recep- 25 
tion SIR (Signal-to-lnterference power Ratio) is equal to 
a target SIR. In the outer-loop transmission power con- 
trol, the target SIR in the inner-loop transmission power 
control is controlled in the receiving side so as to keep 
a constant error rate, such as FER (frame error rate) so 
and a BLER (block error rate), representative of a line 
quality. 

[0004] However, in a service, such as packet commu- 
nication, in which transmission and reception of data are 
not continuously carried out, CRC (cyclic redundancy 35 
check) results for the data can not always be measured. 
This leaves a time period during which the line quality 
can not be measured and the outer-loop transmission 
power control can not be carried out. 
[0005] In order to avoid the above-mentioned prob- 40 
lem, CRC bits alone are continuously transmitted from 
the transmitting side to a user even if there is no user 
data. In this manner, quality measurement is possible. 
In this case, however, redundant bits (that is, the CRC 
bits) are transmitted exclusively for the purpose of qual- *5 
ity measurement for the outer-loop transmission power 
control. For other users, interference is increased. As a 
result, the line capacity is disadvantageously de- 
creased. 

[0006] On the other hand, in the inner-loop transmis- 50 
sion power control, a SIR of an object channel must be 
measured. Therefore, pilot bits, which are generally 
known symbols, must simultaneously be used. Accord- 
ingly, even if there is no user data, the pilot bits, the TPC 
bits, and the CRC bits must be transmitted. 55 
[0007] This is because the pilot bits for use in SIR 
measurement and the CRC bits for use in measurement 
of the line quality exist separately. 



[0008] Now, referring to Figs. 1 through 4, description 
will be made of an example of transmitting and receiving 
operations in a related communication system of the 
type in case where there is no user data. 
[0009] Judgment of presence or absence of the user 
data can be realized by using control bits indicative of 
presence or absence of data and a data length, in addi- 
tion to the pilot bits. However, description thereof is omit- 
ted herein and only the operation when absence of the 
user data is judged will be described. Description of the 
TPC bits for the inner-loop transmission power control 
is also omitted herein. A bit length, an interleaving 
length, and the number of pilot bits are given specific 
values In the following description but, not being limited 
theretb : may have any values. 

[0010] Referring to Figs. 1 and 2, an operation at a 
transmitting side is as follows. 

(1) There is no user data to be transmitted. 

(2) CRC parity bits alone are added. By way of ex- 
ample, the CRC parity bits of 8 bits all of which are 
"O" bits are added. 

(3) The CRC parity bits are coded. By way of exam- 
ple, convolution coding at a coding rate of 1/.2 is 
carried out. In the illustrated example, a data se- 
quence of 8 bits is coded into 32 bits. In the illus- 
trated example, in case where 8 bits all of which are 
"0" bits are coded, 32 bits obtained after coding are 
all "0" bits. 

(4) In order to match a frame length, DTX (Discon- 
tinuous Transmission) bits are inserted. The DTX 
bits represent that the transmission power is adjust- 
ed to "0" upon transmission. In the illustrated exam- 
ple, the DTX bits of 32 bits are inserted. 

(5) An interleaving operation is carried out. In the 
illustrated example, the interleaving operation when 
C = 8 is carried out. As illustrated in the figures, by 
writing in a horizontal direction and reading in a ver- 
tical direction, the order of a bit sequence is 
changed. 

(6) Afterthe interleaving operation, pilot bits of 4 bits 
are inserted per 8 bits. In the illustrated example, a 
repetitive pattern "1010" is shown. However, any 
other known pattern may be used. 

(7) In order to carry out modulation such as phase 
modulation, those bits are converted into symbols. 
In the illustrated example, "0" bits are converted into 
symbols "+A" and "1" bits are converted into sym- 
bols "-A". Herein, "A" represents an amplitude. The 
DTX bits are converted into symbols "0" so that the 
amplitude is "0". 

After the above-mentioned operation upon 
transmission bits, modulation such as phase mod- 
ulation is carried out to obtain a modulated symbol 
sequence. Then, the modulated symbol sequence 
is transmitted from a base station as a radio wave, 
Practically, spreading is carried out in CDMA com- 
munication. However, description thereof is omitted 
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herein. 

Next referring to Figs. 3 and 4, an operation at 
a receiving side will be described. 

(8) By demodulating the radio wave from the base 
station as a phase-modulated wave, a reception 
symbol sequence is obtained. 

(9) In the reception symbol sequence, a pilot symbol 
part is used in SIR measurement and a demodulat- 
ing operation. However, the pilot symbol part is not 
used in a data decoding operation subsequently 
carried out and; therefore, is removed. 

(1 0) By carrying out an operation reverse to that de- 
scribed in (5), a deinterleaving operation is carried 
out to recover the order of the data sequence into 
an initial order. 

(11) The DTX bits are deleted. In the illustrated ex- 
ample, the bit length is assumed to be known. Ac- 
tually, however, the bit length can be calculated by 
control bits representative of presence or absence 
of data and a data length. 

(1 2) The convolution-coded bit sequence is decod- 
ed. Generally, the Viterbi algorithm is known in 
which soft-decision decoding is carried out. 

[0011] If 8 . bit data comprising "0" bits alone are re- 
covered by the above-mentioned procedure, the result 
of CRC judgment is normal (OK). If at least one bit is in 
error, the result of CRC judgment is abnormal (NG). 
[0012] Japanese Patent Application Publication 
(JP-A) No. 2003-321 84 discloses another control of a 
target SIR following variation in propagation environ- 
ment in an outer-loop control. 

[0013] In a service, such as packet communication, 
in which data transmission and reception are not con- 
tinuously carried out, it is a genera! practice that the 
CRC bits are continuously transmitted to carry out qual- 
ity measurement In this case, however, redundant bits 
(that is, the CRC bits) are transmitted exclusively for the 
purpose of quality measurement for the outer-loop 
transmission power control. For other users, an interfer- 
ence is increased. As a result, the line capacity is dis- 
advantageously decreased. 

Summary of the Invention: 

[001 4] It is therefore an object of this invention to pro- 
vide a communication system and a transmission power 
control method which are capable of maintaining a pre- 
determined line quality in a service in which data trans- 
mission and reception are not continuously carried out. 
[0015] According to this invention, there is provided a 
communication system in which communication is car- 
ried out from a transmitting side to a receiving side by 
the use of a pilot signal known to the transmitting side 
and the receiving side and added to information, the 
communication system comprising line quality judging 
means, in the receiving side, for treating the pilot signal 
received by the receiving side as pseudo user data and 



judging the line quality on the basis of the pseudo user 
data if the information comprises no user data. 
[0016] According to this invention, there is also pro- 
vided a transmission power control method used in a 

5 communication system in which communication is car- 
ried out from a transmitting side to a receiving side by 
the use of a pilot signal known to the transmitting side 
and the. receiving side and added to information, the 
method comprising a line quality judging step of treating 

10 the pilot signal received by the receiving side as pseudo 
user data and judging the line quality on the basis of the 
pseudo user data if the information contains no user da- 
ta. 

15 Brief Description of the Drawing: 
[0017] 

Fig. 1 is a view for describing a first half of a trans- 
20 mittirig operation in a related communication sys- 
tem; 

Fig. 2 is a view for describing the second half of the 
transmitting operation; 

Fig. 3 is a view for describing a first half of a receiv- 
es ing operation in the related communication system; 

Fig; 4 is a view for describing a second half of the 
receiving operation; 

Fig. 5 is a view showing a communication system 
according to an embodiment of this invention; 
.30 Fig. 6 is a view for describing an interleaving oper- 
ation; 

Fig. 7 is a view for describing insertion of pilot bits; 
Fig. 8 is a flow chart for describing an operation of 
abit extracting portion in the communication system 
35 illustrated in Fig. 5; 

Fig. 9 is a view for describing a first half of a trans- 
mitting operation of the communication system il- 
lustrated in Fig. 5; 

Fig. 1 0 is a view for describing a second half of the 
40 transmitting operation; 

Fig. 11 is a view for describing a first half of a re- 
ceiving operation of the communication system il- 
lustrated in Fig. 5; and 

Fig. 1 2 is a view for describing a second half of the 
45 receiving operation. 

Description of the Preferred Embodiment: 

[0018] Now, description will be made of the gist of this 

50 invention with reference to the drawing. 

[0019] This invention provides a structure of an outer- 
loop power control system and an outer-loop power con- 
trol method which are used in a CDMA communication 
system having an outer-loop transmission power control 

55 function and which are capable of maintaining a prede- 
termined line quality by measuring a block error rate by 
using pilot bits and controlling a target SIR, even in a 
service such as packet communication in which data 
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transmission and reception are not carried out continu- 
ously. 

[0020] . At first referring to Fig. 5, an outer-loop trans- 
mission power control system according to an embodir. 
ment of this invention is used in CDMA communication. 
[0021] A base station 1 transmits a transmission-sig- 
nal to a mobile terminal 2. The transmission signal com- 
prises userdata and pilot bits as a symbol pattern known 
to the mobile terminal 2 and has a slot structure corre- 
sponding to an interleaving length at an interleaving por- 
tion 22. The transmission signal is received by an an- 
tenna 3 and a radio receiving portion 4 of the mobile 
terminal 2. The transmission signal is demodulated by 
a despreading/demodulating portion 5 into a demodu- 
lated bit sequence. 

[0022] In outer-loop power control, two kinds of oper- 
ations are switched in dependence upon presence or 
absence of user data in the demodulated bit sequence. 
In absence of user data, the. pilot bits are extracted by 
a bit extracting portion 6 and delivered to a pilot convert- 
ing portion 7 as pseudo user data. The pilot converting 
portion 7 carries out symbol rotation with reference to a 
bit pattern in case where C RC bits alone are transmitted, 
Those symbols are decoded by a deinterleaving portion 
8 and an error correcting portion 9 into a decoded signal. 
The decoded signal is subjected to CRC judgment by a 
CRC judging portion 10. 

[0023] In presence of the user data, the bit extracting 
portion 6 delivers the user data except the pilot bits to 
the deinterleaving portion 8. Thereafter, the CRC judg- 
ment is carried out in a manner similar to that mentioned 
above. 

[0024] A quality measuring portion 11 counts the re- 
sult of the CRC judgment for a predetermined time pe- 
riod to measure a block error rate. If the block error rate 
thus measured does not satisfy a predetermined de- 
sired quality, a target SIR set in a TPC generating por- 
tion 14 is increased by a target SIR calculating portion 
13. If an excessively high quality is obtained, the target 
SIR is decreased by the target SIR calculating portion 
13. 

[0025] In the above-mentioned manner, a predeter- 
mined line quality can be maintained by the outer-loop 
power control using the pilot bits even in absence of user 
data. 

[0026] According to this invention, the communication 
system includes line quality judging means for treating 
the pilot signal received by the receiving side as pseudo 
user data and judging the line quality on the basis of the 
pseudo user data if the information received by the-re- 
ceiving side contains no user data. Therefore, excessive 
transmission bits can be decreased and the line capac- 
ity can be increased. Further, a stable outer-loop oper- 
ation can be carried out. Since the line quality is contin- 
uously monitored even if userdata are not transmitted, 
a reception performance is improved. 
[0027] As a first effect of this invention, it is possible 
to reduce average transmission power at the base sta- 



tion. This is because the pilot bits alone are transmitted 
in absence of the user data. 

[0028] As a second effect, communication is stabi- 
lized and, therefore, the reception performance is im- 
5 proved. This is because the line quality can be meas- 
ured continuouslywith reference to the pilot bits. 
[0029] As a third effect, the line capacity of the system 
is increased. This is because an interference to other 
users can be decreased by reducing the average trans- 
Jo mission power at the base station. 

[0030] Description will proceed to an embodiment of 
this invention with reference to the drawing. 
[0031] By use of the slot structure in which the pilot 
bits of a known pattern transmitted per slot are arranged 
15 in conformity with the interleaving length in error correc- 
tion, it is possible to provide a communication system 
and a transmission power control method which are ca- 
pable of using the pilot bits and the CRC bits in common. 
[0032] Referring to Fig. 5, the outer-loop power con- 
20 trol system according to the embodiment of this inven- 
tion comprises base station 1 and mobile terminal 2. 
[0033] The base station 1 comprises a transmission 
data generating portion 19, a CRC calculating portion 
20, a convolution coding portion 21 , an interleaving por- 
25 tion 22, a pilot bit generating portion 23, a bit combining 
portion 24, a spreading portion 25, a transmission power 
adjusting portion 26, a radio transmitting portion 27, an 
antenna 28, a radio receiving portion 29, a despreading/ 
demodulating portion 30, a bit extracting portion 31, a 
30 reception data decoding portion 32, and a TPC judging 
portion 33. 

[0034] The mobile terminal 2 comprises an antenna 
3, a radio receiving portion 4, a despreading/demodu- 
lating portion 5, a bit extracting portion 6, a pilot convert- 

35 ing portion 7, a deinterleaving portion 8, an error cor- 
recting portion 9, a CRC judging portion 10, a quality 
measuring portion 11, a SIR measuring portion 12, atar- 
get SIR calculating portion 13, a TPC bit generating por- 
tion 14, a transmission bit coding portion 15, a bit com- 

40 bining portion 16, a spreading portion 17, and a radio 
transmitting portion 18. 

[0035] The above-mentioned portions are generally 
operated in the following manner. Atf irst, description will 
be made of an operation of transmitting transmission da- 

45 ta from the base station 1 to the mobile terminal 2. 
[0036] The transmission data generating portion 19 
generates user data. The CRC calculating portion 20 
carries out CRC calculation to add CRC bits to the user 
data. CRC calculation is possible in absence of user da- 

50 ta. In this embodiment, however, the CRC bits are not 
added in absence of user data-.- 

[0037] The convolution coding portion 21 codes the 
user data with the CRC bits added thereto into coded 
data for the purpose of error correction. In this embodi- 
55 ment, the coded data are obtained by convolution cod- 
ing but may be obtained by turbo coding or the like. 
[0038] The interleaving portion 22 writes the coded 
data in a horizontal direction into an arrangement having 
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a width C as illustrated in Fig. 6 and reads the coded 
data in a vertical direction to produce interleaved user 
data. Generally, it is known that, by rearranging the data 
at the interleaving portion 22, errors occurring in a radio 
section can be distributed and the error correction ability 5 
can be improved. 

[0039] The pilot bit generating portion 23 generates a 
pilot bit sequence comprising pilot bits as a preselected 
pilot pattern. The preselected pilot pattern is preliminar- 
ily set in the mobile terminal 2 also. The pilot pattern is 10 
not subjected to convolution coding or an interleaving 
operation. 

[0040] The bit combining portion 24 is supplied with 
the pilot bits generated by the pilot bit generating portion 
23 and the interleaved user data generated by the inter- 15 
leaving portion 22 and combines the pilot bits and the 
interleaved user data to produce a combined data se- 
quence having a slot structure illustrated in Fig. 7. Here- 
in, the pilot bit sequence comprises a plurality of bits on 
the order of several bits. As seen from Fig. 7, a plurality 20 
of pilot bit sequences are arranged at an interval corre- 
sponding to the interleaving length (C in Fig. 6). The in- 
terval is equivalent to that in case where the CRC bits 
alone are convolution coded and interleaved. In ab- 
sence of user data in a user data part in a particular sec- 
tion, transmission of the particular section is stopped. 
[0041] The combined data sequence is subjected to 
spreading in the spreading portion 25 and adjusted in 
transmission power by the transmission power adjusting 
portion 26. Thereafter, the data sequence is converted 
by the radio transmitting portion 27 into a high-frequency 
signal which is transmitted through the antenna 28 as a 
radio wave. 

[0042] The CRC calculation, the convolution coding, 
and the, spreading are techniques well known to those 
skilled in the art and are not directly related to the char- 
acteristics of this invention. Therefore, detailed descrip- 
tion thereof is omitted herein. 

[0043] Next, description will be made of an operation 
of the mobile terminal 2 receiving the data from the base 
station 1. 

[0044] A radio wave is received by the antenna 3 and 
demodulated through the radio receiving portion 4 and 
the despreading/demodulating portion 5 into a bit se- 
quence. 

[0045] The bit extracting portion 6 switches its opera- 
tion depending upon presence or absence of user data. 
In absence of user data, the pilot bits whose pattern is 
known to the mobile terminal 2 as the receiving side are 
delivered to the pilot converting portion 7 as pseudo user 
data. 

[0046] In presence of user data, the bit extracting por- 
tion 6 delivers the user data except the pilot bits to the 
deinterleaving portion 8. The bit extracting portion 6 de- 
livers the pilot bit sequence alone to the SIR measuring 
section 12 irrespective of presence or absence of user 
data. 

[0047] The pilot converting portion 7 carries out sym- 



bol rotation with reference to a bit pattern in case where 
CRC bits alone are transmitted. In case of phase mod- 
ulation (BPSK: binary phase shift keying) by way of ex- 
ample, a symbol is rotated or converted from 0 into 1 by 
inverting a sign of the symbol or rotating the symbol by 
180 degrees. 

[0048] The deinterleaving portion 8 recovers the order 
of the bit sequence into the initial order by an operation 
reverse to the interleaving operation shown in Fig. 6. 
Specifically, by writing in the vertical direction and read- 
ing in the horizontal direction in the arrangement in Fig. 
6, the bit sequence of the initial order is recovered to 
obtain a convolution coded bit sequence. 
[0049] The error correcting portion 9 decodes the con- 
volution coded bit sequence into a decoded data se- 
quence. The CRC judging portion 10 carries out CRC 
judgment to judge whether or not an error occurs in the 
decoded data sequence. 

[0050] The quality measuring portion 11 measures a 
BLER by counting the result of the CRC judgment for a 
predetermined time period. If the BLER thus measured 
does not reach a predetermined desired quality, the tar- 
get SIR preliminarily set in the TPC generating portion 
1 4 is increased by the target SIR calculating portion 1 3. 
If an excessive quality is obtained, the target SIR is de- 
creased by the target SIR calculating portion 13. 
[0051] The SIR measuring portion 12 measures a SIR 
of an object channel with reference to the pilot bits. In 
order to measure SIR, a plurality of methods are known 
to those skilled in the art. Therefore, a specific method 
of measuring the SiR is not described herein. 
[0052] Further, description will be made of an opera- 
tion of the base station 1 transmitting the data from the 
mobile station 1 . 

[0053] If the SIR measured by the SIR measuring por- 
tion 12 is greater than the target SIR preliminarily se- 
lected, the TPC bit generating portion 14 generates a 
TPC bit for decreasing transmission power at the base 
station 1. If the SIR measured by the SIR measuring por- 
tion 12 is smaller than the target SIR, the TPC bit gen- 
erating portion 1 4 generates a TPC bit for increasing the 
transmission power at the base station 1 . 
[0054] The bit combining portion 1 6 bit-combines the 
TPC bit thus generated and the user data generated by 
the transmission coding portion 15 to produce a com- 
bined data sequence. The combined data sequence is 
converted by the spreading portion 17 and the radio 
transmitting portion 18 into a high-frequency signal 
which is transmitted through the antenna 3 to the base 
station 1 . 

[0055] Finally, description will be made of an opera- 
tion of the base station 1 receiving the data from the 
mobile station 2. 

[0056] A high-frequency signal is received and de- 
modulated by the antenna28, the radio receiving portion 
29, and the despreading/demodulating portion 30 into 
demodulated data. The demodulated data are separat- 
ed by the bit extracting portion 31 into the user data and 
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theTPCbit.The user data are decoded by the reception 
data decoding portion 32. 

[0057] The TPC judging portion 33- demodulates the 
TPC bit. With reference to transmission power increas- 
ing/decreasing information represented by the TPC bit, 
the transmission power adjusting portion 26 controls the 
transmission power. 

[0058] Next referring to Figs. 5 and 9, an overall op- 
eration of this embodiment will be described in detail, 
[0059] At first, inner-loop power control is carried out 
in the following manner. The SIR measuring portion 12 
measures the SIR of a reception signal as the reception 
SIR by the use of the pilot bits. The TPC bit generating 
portion 14 compares the target SIR preliminarily select- 
ed and the reception SIR. If the reception SIR does not 
reach the target SIR, the TPC bit generating portion 14 
generates the TPC bit increasing the transmission pow- 
er at the base station 1. if a reception SIR higher than 
the target SIR is measured, the TPC bit generating por- 
tion 1 4 generates a TPC bit decreasing.the transmission 
power. 

[0060] The TPC bit is spread by the spreading portion 

1 7 and transmitted through the radio transmitting portion 

1 8 and the antenna 3 to the base station 1 . Responsive 
to the TPC bit, the base station 1 controls the transmis- 
sion power in accordance with the content of the TPC 
bit. 

[0061] In the outer-loop power control, two kinds of 
operations are switched in dependence upon the oper- 
ation of the bit extracting portion 6. Judgment is made 
about presence or absence of the user data in the re- 
ception signal (step S1 in Fig. 9). 
[0062] In absence of user data (No in step S1). the bit 
extracting portion 6 treats the pilot bits of an individual 
physical channel, whose pattern is known to the receiv- 
ing side as pseudo user data, and delivers the pilot bits 
to the pilot converting portion 7 and the SIR measuring 
portion 12 (step S2). 

[0063] In presence of user data (Yes in step S2), the 
bit extracting portion 6 delivers the user data except the 
pilot bits to the deinteiieaving portion 8 (step S3). In step 
S3, the bit extracting portion 6 also delivers the pilot bits 
to the SIR measuring portion 12. 
[0064] The pilot converting portion 7 carries out sym- 
bol rotation with reference to the bit pattern in case 
where the CRC bits alone are transmitted. Thereafter, 
the deinterleaving portion 8 and the error correcting por- 
tion 9 carries out a decoding operation. The CRC judg- 
ing portion 1 0 carries out the CRC judgment. 
[0065] The quality measuring portion 11 measures a 
block error rate by counting the result of the CRC judg- 
ment for a. predetermined time period. If the BLER thus 
measured does not reach a predetermined desired 
quality, the target SIR preliminarily set in the TPC gen- 
erating portion 14 is increased by the target SIR calcu- 
lating portion 13. If an excessive quality is obtained, the 
target SIR is decreased by the target SIR calculating 
portion 13. 



[0066] In the above-mentioned manner, it is possible 
to perform the outer-loop power control in order to main- 
tain a predetermined line quality even in a section with- 
out user data. 

5 [0067] In order to judge presence or absence of user 
data, use may be made of two methods which will pres- 
ently be described. As a first method, the base station 
1 transmits control bits indicative of presence or ab- 
sence of data and the number of data, in addition to the 

10 pilot bits. By use of the control bit, judgment is made. As 
a second method, measurement is made of a power ra- 
tio between the user data and the pilot bit sequence. If 
the reception level of the user data is lower than that of 
the pilot bit sequence by a predetermined value or by a 

15 greater value greater than the predetermined value, it is 
judged that the user data are not transmitted. 
[0068] Next, an operation of the embodiment of this 
invention will be described in detail. In the following, a 
transmitting operation and a receiving operation in ab- 

20 sence of the user data will be described. 

[0069] Referring to Figs. 9 and 1 0, ah operation at the 
transmitting side is as follows 

(1 ) There is no user data to be transmitted. 
25 (2) No CRC bit is added. 

(3) Because of no user data, convolution coding is 
not carried out. 

(4) In order to match a frame length, DTX (Discon- 
tinuous Transmission) bits are inserted. The DTX 

30 bits represent that the transmission power is adjust- 
ed to "0" upon transmission. In this embodiment, 
DTX bits of 64 bits are inserted. 

(5) The interleaving operation is carried out by writ- 
ing in a horizontal direction into an arrangement 

35 having a width C (for example, C= 8) and reading 
in a vertical direction. In this embodiment/all bits 
are DTX bits. As a result, all bits after rearrange- 
ment are DTX bits also. 

(6) After the interleaving operation, pilot bits of 4 bits 
40 are inserted per every 8 bits. This is similar to the 

related art. In this embodiment, the pilot bits of 4 
bits have a pattern "1010" in which "I" and "0" are 
alternately repeated. 

(7) In a manner similar to the related art., those bits 
45 are converted into symbols so as to carry out mod- 
ulation such as phase modulation. In this embodi- 
ment, "0" bits are converted into "+A" and M 1" bits 
are converted into "-A" by way of example. Herein, 
''A" represents an amplitude/The DTX bits are re- 

50 placed by symbols "0" so that the amplitude is "0". 

After the above-mentioned operation upon trans- 
mission bits, modulation such as.phase modulation 
is carried out to obtain a modulated symbol se- 
quence. Then, the base station transmits the mod- 

55 ulated symbol sequence as a phase-modulated ra- 
dio wave. 

Referring to Figs. 11 and 12, the operation at 
the receiving side will be described. 
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(8) A phase-modulated radio wave from the base 
station is demodulated to obtain a reception symbol 
sequence. 

(9) Reception symbols in a pilot part are converted 

by use of the pattern "101 0" known to the receiving 5 
side. If the bit of the known pilot pattern is "1 ", the 
reception symbol is multiplied by If the bit of 
the known pilot pattern is "0", the reception symbol 
is left unchanged. By this operation, the pattern 
"1 01 0" can be converted into a converted pilot part 10 
equivalent to reception of the pattern "0000". There- 
fore, the converted pilot part can be used as a sub- 
stitute for the CRC parity bits of all "0" bits in the 
related art.. 

(1 0) The user data part is partly replaced by the con- *5 
verted pilot part as shown in (1 0) in Fig. 11. In the 
illustrated example, dO, d1 , d2, d3 and the like are 
replaced by the pilot part. dO, d1 , d2, d3 and the like 
correspond to the DTX bits at the transmitting side. 
Therefore, no data are obtained even if dO, d1 , d2, 20 
and d3 and the like are demodulated. Therefore : d0 ; 

d1 , d2, d3 and the like are unnecessary. 

(11) As shown in (11) in Fig. 12, a deinterleaving 
operation is carried out. This is similarto the related 

art. That is, writing in the vertical direction into the 2$ 
arrangement having a width C (for example, C = 8) 
and reading in the horizontal direction are carried 
out. 

(12) Like in the related art., the DTX bits are re- 
moved. By this operation, an entire bit sequence is 30 
a converted pilot symbol part in this embodiment. 

(13) A decoding operation is carried out by use of 
the Viterbi algorithm or the like. If 8 bit data com- 
prising all "0" are recovered by the above-men- 
tioned procedure, the result of the CRC judgment 35 
is normal (OK). If at least one bit is in error, the result 

of the CRC judgment is abnormal (NG). 

[0070] In the first and the second embodiments, the 
pilot bits are used. Alternatively, any other appropriate 40 
control bits may be used, for example, TFCI (Transport 
Format Combination Indicator) bits representative of 
presence or absence of data and the size of data. In the 
first and the second embodiments, the outer-loop power 
control for transmission from the base station 1 alone is *s 
described. However, this invention is applicable to out- 
er-loop power control for transmission from the mobile 
terminal 2. 

[0071] While this invention has thus far been de- 
scribed in conjunction with the preferred embodiments so 
thereof, it will be readily possible for those skilled in the 
art to put this invention into practice in various other 
manners without departing from the scope set forth in 
the appended claims. 



Claims 

1. A communication system in which communication 
is carried out from a transmitting side to a receiving 
side by use of a pilot signal known to said transmit- 
ting side and said receiving side and added to infor- 
mation to be transmitted, the communication sys- 
tem comprising: 

line quality judging means, in said receiving 
side, for treating the pilot signal received by the 
receiving side as pseudo user data and judging 
the line quality on the basis of the pseudo user 
data if the information comprises no user data. 

2. A communication system as claimed in claim 1, 
wherein a signal transmitted by the transmitting side 
is a signal interleaved In a predetermined cycle, 
said line quality judging means comprising a bit ex- 
tracting portion for judging whether or not the infor- 
mation received by the receiving side contains 

user data and extracting the received pilot sig- 
nal as the. pseudo user data if 

user data are not contained, a pilot converting 
portion responsive to the pilot signal from said bit 
extracting portion for carrying out data conversion 
of the pilot signal by use of the pilot signal known to 
the receiving side into a converted pilot signal and 
arranging the converted pilot signal at an interval 
corresponding to an interleaving length, a deinter- 
leaving portion for deinterleaving the information 
processed by the pilot converting portion to produce 
deinterleaved information, an error correcting por- 
tion for decoding the deinterleaved information 
processed by the deinterleaving portion to produce 
decoded information, and an error judging portion 
forjudging an error in the decoded information proc- 
essed by the error correcting portion. 

3. A communication system as claimed in claim 1, 
wherein, at the transmitting side, a predetermined 
bit generally required for error judgment at the re- 
ceiving side is hot added if the information to be 
transmitted contains no user data. 

4. A communication system as claimed in claim 1, 
wherein said communication system is a CDMA 
communication system. 

5. , A communication system as claimed in claim 4, 
wherein the line quality is judged in order to carry 
out outer-loop transmission power control. 

6. A transmission power control method used in a 
communication system in which communication is 
carried out from a transmitting side to a receiving 
side by the use of a pilot signal known to the trans- 
mitting side and the receiving side and added to in- 
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formation to be transmitted, the method comprising: 

a line quality judging step of treating the pilot 
signal received by the receiving side as pseudo 
user data and judging the line quality on the ba- 5 
sis of the pseudo user data if the information 
comprises no user data. 

7. A transmission power control method as claimed in 
claim 6, wherein a signal transmitted by the trans- 10 
mitting side is a signal interleaved in a predeter- 
mined cycle, said line quality judging step compris- 
ing a bit extracting step of judging whether or not 

the information received by the receiving side con- 
tains user data and extracting the received pilot sig- 15 
nal as pseudo user data if user data are not con- 
tained, a pilot converting step of receiving the pilot 
signal from said bit extracting step, carrying out data 
conversion of the pilot signal by use of the pilot sig- 
nal known to the receiving side into a converted pilot 20 
signal, and arranging the converted pilot signal at 
an interval corresponding to an interleaving length, 
a deinterteaving step of deinterleaving the informa- 
tion processed by the pilot converting step to pro- 
duce deinterleaved information, an error correcting 25 
step of decoding the deinterieaved information 
processed by the deinterleaving step to produce de- 
coded information, and an error judging step of 
judging an error in the decoded information proc- 
- essed by the error correcting step. 30 

8. A transmission power control method as claimed in 
claim 6, wherein, at the transmitting side, a prede- 
termined bit generally required for error judgment 

at the receiving side is not added if the information 35 
to be transmitted contains no user data. 

9. A transmission power control method as claimed in 
claim 6, wherein said communication system is a 
CDMA communication system. 40 

10. A transmission power control method as claimed in 
claim 9, wherein the line quality is judged in order 
to carry out outer-loop transmission power control. 
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